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Contract Description 


The purpose of this work {s to develop techniques to overcome the fundamental 
Vieits of present frequency stendards--the second and residual first-order 
Doppler shifts. To this end, we study suftable frequency reference transi- 
tions in fons which are stored in electromagnetic traps and cooled by radie- 
tion pressure to < 1K. 


Scientific Probles 


Although we have now demonstrated laser cooling to < 0.1K and have identified 
some of the causes for the present linit, we will try to epproech the theore- 
tical Hiatt of 10°°x. To this end, we will continue studies of a single fon 
in the trap. In addition, we will try to taflor clouds of sodest density that 
are relatively free of sagnetron velocity effects. It showld also be possible 
to observe condensation of the fon cloud into a tiquid or selfd. We witt 
continue to incorporate the cooling into high resolution spectroscopy of My’, 
Be’ and Hg’ and use the flourescence as a monitor in triple resonance schemes 
which should allow us to obtain linewidths of tess than 0.0] Hz. Such experi- 
ments should allow us to study problems generic to all fon frequency stan- 
dards. 


Scientific and Technical Approach 


We will continue work to develop better traps for spectroscopic studies. We 
are completing first tests on a new trap for Be” and wit! soon seke {aprove- 
ments. We are developing a separate experiment for 201° fons. This expert- 


ment has the geal of realizieg a pretetype sicreneve frequency standard with 
ie accurecy. We castioue experiasats om Cleed Geamics. It appears that 
the lergest systematic frequency, shift fa a frequeccy standard based on ions 
Stored ie @ Peantag trap will be due te @ seceed order Seppier effect caused 
. by the rotation ef the fen cloud. Therefore a detailed staty ef this rotation 
is required. A supercesdectiag aageet 16 cow being procures for Unis purpose. 
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1. 194 ap generation, “Phag” nas neon coosen os 2 prototype frequency 
staedard because it appears te have Une best potential perferaance 
of any ‘en that sight conceivably be esed in a cicreumce frequency 
standere. Gee of ite chief Graubacts t¢ Unat Ure coteremt 194 an 
radiation required for laser cooliag/ eptical pamping is Gifficuit 
te predece. Therefore a significant effert has gene inte the devel 
epuent of this source. Tenable, aerreubend cw radiation et 194 has 
ange been generates by freqeenty Goabiiag the extant ef a $14 
ergen ton laser end oining this eotpet (op te 09 a at 257 an) with 
the evtput of a 792 am qe laser ia « petecsion pentaborste (135) 
cryste!. Werk new continses te facresse the pouer of this seurce: 
1t 19 estianted thet several sicreustts of 19 am radiation with 
bendwidth tess then 10 tz can be predated when all aperetiag condi- 
tions ere eptiat zed. 

2. te’ trap. Trap design is being steadied vie the Ge’ empertannts 
(delow). Eaperieents are auw enderuay te test the taject ion/ 


guaping properties ef Ng im the trap satu aysten. 4 high 
nemegeneity electramageet Gysten has been acquired for initial 
experiments. 
0 Be studies 

1. Tegp gesigng te orear te eptinize contition fer the 
experiaents, we are studying varios Urep Gmigm wing Oe" 
tere where We reqeires resietion (4 + 313 em) for aptical 
pemping/laser coolieg 16 asler te predece te are compieticg 
qupernaanes on an ‘epen” Urap Gasign otere Ure electrodes are 
made of gold and calyeanren eneh and Ute lige 16 collected ty 
an etitgseteal atnrer Tints trap oil Wren be angities le ity 
to apree sterege Uee and collection efficiency ft anpeare 
Unst Ue present Urep i6 tee agen ord storage Liar and residue! 
neeting Gay be 6 tecter of The eerse Uren atte Ure Mig Ur 
sed previous ty 

2. Qe prectelen seecurescemy, te neve anasures Une typertive 
corstent © ang Whe matienr to electronic @ ferter relte 6,/6, 
AU preiieieary precision of esos $+ 10°*! ons 6 ra’ ed 
fete 16 eccouplioned by anaseriag Ure frequenty of ten nut lent 
epin flip typertice tramaition ot “tielg intapentont” geitte-> 
Ut 16, chore Ue tremition fregemty betwmes tedapendert of 
qugretic field te first orga. Seth tremition et!! form the 
nents of une Whig” frequency stonters. We tece sics enesuted 
q,(Be") te aeuet 3 sen by colteretiog the Field by guesering 
Use cyt lotren frequency of free electrons ehich are olternstety 
steved tm the trap. Tete epertoumt is tepertent becouse it 
ations @ corefel check of the epee ferction used te calcelste 


g,(te ). 


2 Frequency stangarg. The \icawiewn (0.06 ma) and S/0 (5°20 por 
oweriantal cycle) vaicae a supitiy of es Wh Yo 
the nypertinn Urensitions we hase enaeured in Ge". Lacking an 

| engi ilater te Wrese Urersition will ee dave ie fy'63. 
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